Study Objective-To identify predictors of medication-related problems (MRPs) among Medicaid patients participating in a telephonic medication therapy management (MTM) program.
Introduction
The 2006 implementation of the Medicare Prescription Drug, Improvement, and Modernization Act introduced the concept of medication therapy management (MTM) services into the Medicare program as part of the new Medicare Part D benefit providing outpatient prescription drug insurance to Medicare beneficiaries. 1 Since then, stakeholders have engaged in numerous conversations regarding delivery models and standards of care for conducting MTM. Among other milestones, this has resulted in the development of a pharmacy professionwide consensus definition for MTM, 2 a description of MTM service core elements, 3 ongoing modifications to Medicare Part D MTM requirements, and a notable increase in MTM-related published literature. 4 Since its inception, one of the "hot topics" surrounding MTM has been the criteria used to determine patient eligibility for these services. With the implementation of the Medicare Part D MTM requirement in 2006, prescription drug plans selected the following eligibility criteria for their plan's MTM program within the broad Medicare requirements: multiple chronic diseases, taking multiple covered Part D drugs, and likely to incur annual drug costs for covered Part D drugs exceeding approximately $4000. 1 As more information about MTM has emerged over the last several years, these criteria have been further refined. As of 2014, these criteria specify that plans can require that patients have two or three comorbid conditions to be eligible for MTM, and if they choose to target specific conditions, they must target at least five out of nine specific comorbidities. Furthermore, plans can require between two and eight Part D-covered medications, and the cost threshold for eligibility of MTM services has been lowered to an approximate annual expenditure of at least $3000. 5 Results of MTM program evaluations have been mixed. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Carefully examining patient eligibility is an important consideration in optimizing the outcomes of MTM services and maximizing the return on investment realized. One strategy is to prospectively identify what characteristics predict medication-related problems (MRPs) and then target individuals with those characteristics for MTM services. Previous studies have examined predictors of MRPs and have used these predictors in the development of a variety of risk assessment tools designed to predict a patient's risk for MRPs. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Examples of previously identified predictors include number of medications, number of doses needed/day, number of comorbidities, and number of providers prescribing medication. 18, 23 Although MTM is a required benefit for Medicare Part D plans, the provision of MTM by state Medicaid programs is becoming more common. 28 In previous studies specifically examining MRPs in a Medicaid population, the number of medications taken by the patient was found to be an important predictor of problems. [29] [30] [31] Stakeholders, however, have continued to question the value of current Medicare Part D eligibility criteria, [32] [33] [34] [35] and the Centers for Medicare and Medicaid Services is currently considering significant changes to these criteria. 36 Further evaluation of predictors of MRPs and, subsequently, MTM eligibility criteria is warranted among both Medicare beneficiaries and other populations.
In this study, we analyzed data from a previously published study on the implementation of a statewide telephonic MTM program for Medicaid patients, 37 as that study provided an opportunity to evaluate MRP predictors in the Medicaid population. Therefore, our objective was to identify predictors of MRPs-first by examining MRP predictors across all problem categories and second by examining each category of MRPs separately. This work could further inform the development of MTM service eligibility, particularly among Medicaid beneficiaries.
Methods Study Design, Patient Population, and Data Sources
This was a retrospective analysis of data collected from adult (aged 18-65) Medicaid patients who participated in a statewide pharmacist-provided telephonic MTM program. 37 This MTM program was offered to patients who were enrolled in a specific Medicaid program that focused on providing disease management services for chronic conditions among the aged, blind, and disabled. The MTM program was optional and offered at no additional charge to the member; eligibility criteria included the following: enrollment in the Medicaid disease management program, continuous eligibility for Medicaid through the start of the MTM program, and receiving at least five Medicaid-covered medications.
In addition to MTM services, the program included medication synchronization and home delivery of medications (28-day supply at a time) using specialized packaging to promote adherence. As part of the MTM service, patients were telephoned by the pharmacist for an initial medication therapy review (MTR) within the first two months of receiving their medications. Follow-up MTM telephone calls occurred as needed. During the initial MTR, all medications were reviewed with the patient and caregiver to identify MRPs within four broad categories-indication, effectiveness, safety, and adherence, based on the taxonomy described by Cipolle et al. 38 The pharmacist also prepared a personal medication record and a medication-related action plan for the patient. To evaluate the impact of the program on medication adherence and healthcare utilization, patients eligible for MTM who opted to participate in the service were compared with those who were eligible but opted not to participate, and both groups were followed for 12 months.
For this analysis, all patients who received the initial MTR were included. Data were extracted from two Medicaid administrative claims files for healthcare utilization and prescription dispensing information, and one pharmacy organization file for MTM program information. This project was approved by the Indiana University Institutional Review Board.
Outcome Measures and Data Analysis
Our primary objective was to identify associations between certain patient characteristics and the presence of MRPs. For this analysis, the dependent variable was the number of MRPs detected by the pharmacist during the initial MTR. Our secondary objective was to identify associations between certain patient characteristics and the presence of MRPs in select categories. The dependent variables for this analysis included the detection of one or more MRPs (Table 1 ) related to each type of broad medication problem: indication, effectiveness, safety, and adherence. From the available databases, predictor variables were selected a priori that, from the literature 18, 23 and our own practice experiences, were hypothesized as being potentially associated with MRPs. Predictor variables (Table 1) included patient demographics, comorbidities, medication use data, and healthcare utilization. The list of narrow therapeutic index (NTI) drugs was used as it has been referenced in previous studies. 18 When applicable, comorbidities were defined by using the Elixhauser criteria, 39 and an overall Elixhauser score was calculated for each patient. In addition to select comorbidities included from the Elixhauser criteria, we included conditions targeted by the Centers for Medicare and Medicaid Services for eligibility for Medicare Part D MTM services. 5 However, we excluded Alzheimer's disease because it is not prevalent in this population. The three-month time frame for medication and healthcare utilization variables was selected in an effort to characterize medications currently being used by the patient. Post hoc predictor variables considered were marital status and location of residence. Analyses were conducted by using SPSS, version 20.01 (IBM, Somers, NY), and SAS, version 9.2 (SAS Institute Inc., Cary, NC).
We examined each predictor variable independently by using bivariate tests for associations with the median number of MRPs detected by the pharmacist during the initial MTR: Spearman correlations were used for continuous predictor variables, and Wilcoxon rank sum tests were used for categorical predictor variables. The median, rather than mean, number of problems was used as our outcome because the problem count was not normally distributed. For completeness, we also examined associations between predictor variables and MRPs dichotomized as one or more MRPs were detected by using Student's t tests or Wilcoxon rank sum tests (for nonnormally distributed data) or the Fisher exact analysis for continuous and categorical predictor variables, respectively ( Table 2.) All predictor variables with significant associations (defined a-priori as p<0.1) with the median number of MRPs detected were then entered into a three-block multiple linear regression model. First, the total number of medications was entered, as this variable was previously reported to predict MRPs among Medicaid patients. [29] [30] [31] Then, the other a priori variables with significant associations from the bivariate tests were entered to evaluate the change in R 2 . Finally, post hoc variables with significant associations from the bivariate tests were entered.
We also conducted sensitivity analyses for the primary outcome by examining predictor variables for associations with the number of MRPs at different thresholds (≥ 10, ≥ 20, ≥ 30, or ≥ 40 MRPs). Predictor variables with a resulting p value of < 0.1 on the bivariate tests described above were entered into a logistic regression model. The dependent categorical variable was the presence or absence of the defined threshold level of MRPs.
For the secondary objective, we examined each predictor variable independently for associations with whether one or more MRP was present for each broad category of MRPs (indication, effectiveness, safety, adherence). 38 All predictor variables with p values of < 0.1, as identified by using Student's t-tests or Wilcoxon rank sum tests (for nonnormally distributed data) or the Fisher exact analysis for continuous and categorical predictor variables, respectively, were entered into four separate logistic regression models. For each regression model, the dependent categorical variable was the presence of at least one MRP in the category under consideration. No cases were deleted from any of the regression analyses, and no data were missing for any of the variables.
Results
A total of 712 patients received an initial MTR and were included in this analysis. The sample consisted primarily of Caucasian women, approximately 50 years of age, with an average of two comorbidities, and using an average of 11 medications (Table 2) . Sixty-one percent of patients ( Figure 1 ) had one or more MRPs identified (median 11, interquartile range [25th-75th percentile] 0-28 MRPs). Patients with one or more MRPs were more likely to be obese and have one or more visits to emergency department (ED), and less likely to be diagnosed with depression, compared to those patients without an MRP. The following predictor variables were significant (p<0.1) on bivariate tests and entered into the multivariate linear regression model for the primary outcome: female sex, race, dyslipidemia, obesity, one or more ED visits, number of chronic medications, and total number of medications. The overall model was significant (p < 0.001, R 2 = 0.064). Significant predictors of MRPs (p < 0.05, Table 3 ) included dyslipidemia, obesity, one or more ED visits, and total number of medications. Post hoc predictor variables were evaluated as bivariate tests to determine whether social support (i.e., marital status and access to services) could explain these findings. Location of residence was significant (p= 0.041) and was entered as a third block to the regression model. The adjusted R 2 value was unchanged. Collinearity statistics in the stepwise multiple regression were satisfactory (i.e., tolerance statistics > 0.1), although there was a trend toward collinearity for number of chronic medications (tolerance statistic= 0.297.) In sensitivity analyses for 10, 20, 30, and 40 or more MRPs/patient (Table 4) , all variables remained significant predictors in the models except for ED visits.
With regard to specific problem types, predictors of indication, effectiveness, and safetyrelated problems are summarized in Table 5 . No significant predictors of adherence-related MRPs were identified through bivariate tests; therefore, no multivariable model was evaluated.
Discussion
This work expands current knowledge of MRP predictors, particularly within the context of MTM services. Although Medicare Part D MTM is provided by pharmacists nationally, it is increasingly common for Medicaid programs to provide these services as a covered benefit, and these findings are especially relevant for those stakeholders. 28 We identified significant predictors of MRPs in a Medicaid population receiving MTM, both for MRPs in general and for the categories of MRPs related to indication, effectiveness, and safety. Significant predictors of adherence-specific problems were not identified in this analysis. This may be due to the smaller overall prevalence of these problems in this sample compared to other problem types. This sample may have experienced fewer adherence problems than a typical sample receiving MTM, as the program also included special packaging to promote medication adherence. More research to identify predictors of adherence-related problems identified by pharmacists in the course of MTM, particularly among Medicaid patients, is needed.
Furthermore, more research concerning predictors of any MRPs identified in patients receiving MTM is needed. As the outcomes of MTM program evaluations have varied, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] one way in which outcomes may be improved is through better targeting of patients who would be likely to benefit from these services. The provision of high-quality MTM is likely to be time consuming for pharmacists; thus, mechanisms that enable the careful selection of patients who should receive MTM may promote more efficient resource allocation and improved service outcomes.
Although we did identify predictors in statistically significant regression models, our models explained very little of the overall variability (as evidenced by a small R 2 values for each model) in MRPs experienced by patients receiving the service. This is concerning, as our models included variables commonly used in determining eligibility for MTM. However, patient medication cost is another variable that is commonly used for determining eligibility, but our models did not evaluate this variable. Clearly, additional variables should be considered as playing an important role in MRP variability. Variables to consider include those measuring social support (other than marital status), transportation barriers other than location of residence based on ZIP code, and patient health literacy, medication beliefs, and knowledge and satisfaction pertaining to their medications. This work suggests an opportunity for enhancing eligibility criteria in order to optimize the outcomes of pharmacist-provided MTM. A patient history of one or more visits to the emergency department in the past three months was a predictor of overall MRPs. A visit to the emergency department may result in the addition of new medications or changes in medications, prompting a need for a comprehensive medication review to resolve duplication in therapies, drug-drug interactions, or other problems. Using this as a criterion for MTM eligibility could be considered by insurers managing both prescription and medical services.
Considering the presence of specific comorbidities also appears to add value. Dyslipidemia was consistently identified in our models as a predictor. One potential explanation could be that statin medications are commonly used for dyslipidemia and are commonly prescribed overall. 40 Although generally well tolerated, adverse effects do occur, as does prescribing inertia. [41] [42] [43] [44] Because of these challenges with statin therapy, pharmacists may have found opportunities for dose optimization and adverse-effect resolution, resulting in associations between dyslipidemia and specific problem types (i.e., indication, effectiveness, and safety) as well as overall MRPs. Obesity was also a significant predictor of problems overall. In further examining obesity in this sample, we found that obese patients had more comorbidities than nonobese patients, and obesity was associated with diabetes mellitus, hypertension, heart failure, and other comorbidities. Therefore, although the presence of some of these comorbidities alone did not predict problems, obese patients may represent more complex patients overall, resulting in a greater risk for MRPs. Interestingly, we did not find an association between obesity and dyslipidemia even though both were predictors. Therefore, targeting patients with obesity and/or dyslipidemia for MTM could be a useful strategy for optimizing MTM outcomes. 30 Specifically, for every additional medication that a patient was taking, there was a 0.25-increase in the "need for pharmacist to monitor patient's drug therapy" as measured on a scale from 1 to 5. In our sample, the number of medications was also a predictor of MRPs overall, and this reflects current Medicare Part D MTM eligibility criteria; however, some of the other predictors identified may warrant greater attention. Specifically, although our model identified number of medications as a significant predictor, the number of medications did not distinguish between patients without MRPs and patients having at least one MRP. Rather, the relationship between number of medications and MRPs appears to be linear, with more medications resulting in more MRPs identified. This finding supports previous literature. 45 Other predictors that we identified differ somewhat from those identified previously in Medicaid patients. The Alkema, 31 Bain, 29 and McGhan 30 studies all found age to be a predictor of MRPs; however, the associations were fairly modest (e.g., OR 1.029, 95% CI 1.01-1.05 in the Alkema study 31 ), which may partially explain why age was not identified as a predictor in our models. In contrast, female sex was identified in the McGhan study to be a predictor 30 and was also a predictive variable in our analyses.
Nevertheless, our analyses resulted in some unexpected findings. Specifically, our bivariate tests found that depression appears to be associated with fewer MRPs. Although the reason for this is unknown, one possibility is that pharmacists were not able to detect as many MRPs in these patients. Literature suggests that pharmacists are less confident caring for patients with mental health diagnoses, including depression, and that additional training for pharmacists is needed to improve the pharmaceutical care of these patients. [46] [47] [48] There are several limitations to our work. First, several taxonomies for defining MRPs exist, [46] [47] and the results of our analysis may have been influenced by the specific taxonomy used by the pharmacists providing the MTM service. The number of MRPs reported by pharmacists in this MTM program was higher than that reported previously among Medicaid patients 29, 31 and may be due to differences in how MRPs were identified and documented. The pharmacists received one day of training along with supporting manuals on the MTM documentation system and clinical thought processes for MRP identification, using materials developed by the company providing the commercially available MTM documentation platform. The MRP documentation process and MTM approach used by the company is well described. 38 However, the extent to which the pharmacists documented problem categories similarly or differently is unknown, particularly given that multiple pharmacists provided the MTM service. In addition, given that our analyses were based on data from a retrospective cohort study that evaluated the MTM program, the extent to which the MTM program conducted quality assurance checks to determine the quality of MRP documentation and authenticity of identified MRPs is unknown. Therefore, the influence of inadequate or inappropriate MRP documentation on our outcomes is unknown. Additionally, our data source included only Medicaid claims for medications; therefore, medications that patients may have received from other sources were not included in our calculations. Furthermore, the definition of our outcome measure (i.e., MRPs as documented by the pharmacist) may have impacted our findings. Our findings could have been different had the service been provided by another provider type (e.g., a nurse) or if the outcome would have been defined differently (e.g., adverse drug event requiring hospitalization with an accompanying diagnosis code.) These findings could change according to the modality used for delivery of the MTM intervention. As pharmacists in this MTM program provided the service and identified MRPs by telephone, different or additional MRPs may have been detected had the service been provided face to face. An evaluation of a different telephonic MTM program found that the program was effective for a subset of, but not all, patients and may be related to the modality used to deliver MTM. 51 Other research has found that MTM services provided by community pharmacists (whether by telephone or face to face) resulted in a greater reduction in drug use and associated drug costs compared to MTM provided by call center pharmacists 52 ; however, the role that the telephone versus a preexisting relationship between the pharmacist and patient may play in MRP detection is unclear. It is also important to note the limitations of our sample. As we examined data from individuals participating in an MTM program, we are limited by the eligibility criteria initially used for the service. In this case, the program was available for patients enrolled in the state Medicaid care management program who were taking five or more medications and with one or more specific chronic diseases. Finally, as this was a Medicaid population, our ability to generalize these findings to all patients receiving MTM, particularly Medicare Part D, is limited.
Conclusion
This work supports the relative importance of the number of medications as a predictor of MRPs in the Medicaid population and identifies other MRP predictors such as the number of recent ED visits and comorbid obesity for providers and policymakers to consider when developing MTM eligibility criteria. However, these findings indicate that other unknown factors are clearly important in understanding patient risk for MRPs. Criteria commonly used for determining MTM eligibility may be inadequate in identifying appropriate patients for MTM in a Medicaid population. Future studies examining other types of predictor variables (e.g., transportation barriers, social support variables, patient health literacy, and medication beliefs) may fill a gap in the literature and further explain variability among MRPs. 
